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PROJECTILE  IMPACT  EFFECTS  ON  AIRCRAFT  WIRE  HARNESSES 


Introduction 


A  stuuy  was  initiated  recently  at  tiie  Naval  Research  Laboratory  to 
evaluate  the  effects  of  hostile  projectiles  impacting  on  aircraft  wiring 
harnesses.  The  results  of  tests  conducted  in  the  NRl  Ballistics  Impact 
Facility  have  demonstrated  that  tne  effects  can  be  serious  and  that 
comoustive  reactions  from  the  electrical  arcing  resulting  from  the  impact 
will  be  more  severe  for  some  types  of  wire  insulation  than  for  others.  The 
tests  demonstrated  tnat  wiring  with  an  aromatic  polyimiue  insulation  wi 11 
react  more  severely  than  wiring  with  a  radiation  crossliukea  modified 
etnylene  tetrafl uoroetnyl ene  insulation.  Tne  nature  ot  this  reaction  and 
the  description  of  the  test  will  be  more  completely  described  in  this  report. 


There  has  been  very  little  published  about  such  reactions  in  either 
laboratory  experiments  or  from  in-service  experiences,  although  it  should  be 
a  primary  concern,  since  combat  survivability  is  a  major  design  goal  for  our 
fighter  aircraft.  In  a  literature  search  it  was  noted  that  the  majority  of 
committee  reports  and  newsletter  items  on  Aircraft  Survivability  and  Battle 
damage  Repair  describe  extensively  the  methods  ana  materials  that  are  being 
developed  to  repair  damage  to  fuselage  skins--both  metal  and  composite.  In 
full-scale  tests,  decommissioned  airplanes  arc  being  shot  at  with  small 
arms,  Cannons  ana  missiles  to  determine  the  extent  of  damage  to  tne  skins 
ana  structures.  Other  components  beiny  studied  for  vulnerability  and  repair 
processes  are;  engines,  fuel  tanks,  rotor  blades,  tires  and  transparencies 
11).  Based  on  reactions  observed  in  tnis  study  it  would  be  judicious  to 
include  wire  harnesses,  carrying  full  power,  in  tnis  list  of  components. 


Electrical  engineers  at  the  rJAVAIP.  Engineering  Support  Office  at  NARF, 
Norfolk,  being  aware  of  this  potential  hazard,  conducted  some  experiments. 
They  founa  that  small  projectiles  (SB's  fired  from  a  Crossinan  air  gun)  would 
break  wires  ano  produce  short  circuits  between  wires  of  opposite  polarity  in 
a  harness  energized  with  110  volt,  6UHz  line  power.  Tney  observed  that  some 
wire  insulations  would  burn  and  others  would  not  when  tne  snort  circuit 
arcing  occurred.  This  concern  lea  to  the  present,  more  comprehensive  study 
of  the  reaction  conducted  at  NRL  with  a  more  controlled,  service  simulated 
system.  These  experiments  were  monitored  ana  recorded  on  a  closed-circuit 
TV  so  that  the  events  could  be  viewed  from  outside  ttie  experimental  cnamber 
during  tiie  firing  and  tne  event  could  be  recounted  in  detail  by  later 
showings  of  the  action  that  occurred  in  real  time.  A  ten-minute,  narrated 
videotape  report  nas  been  prepared  in  order  to  facilitate  later  viewing  of 
trie  action  observed  in  this  experiment. 

Manuscript  approved  October  11,  1985. 


1 


EXPERIMENTAL  PROGRAM 


The  experimental  system  was  prepared  with  consi uer sbl  e  advice  from  NE30 
erijineers  in  urue*'  to  stuuy  the  reactions  of  operational  aircraft  wiring  to 
impacts  from  combat  projectiles.  Thus,  tne  laboratory  system  was  designed 
as  nearly  as  practical  to  simulate  the  service  scenario,  ana  the  two  wire 
typos  testeu  were  qualified  by  tne  Navy  for  combat  aircraft  service. 

The  overall  test  set  up  is  illustrated  in  Figure  1,  and  a  schematic  of 
tne  electrical  system  is  shown  in  Figure  2. 

1.  Description  of  U i re  Harnesses 

The  two  wire  types  used  to  construct  tne  harnesses  testea  in  this  study 
were:  Ml L-W-81 381/11  ana  Ml l-W-22759/54.  The  Ml L-W-bl o81 /II  wire  type  is 
insulated  with  an  aromatic  polyimide  film,  applied  as  a  wrapped  tape.  Tne 
Ml L-W-2275y/34  wire  type  is  insulated  with  an  extruded  modified  ethylene 
tetrafl uoroethyl ene  polymer  that  is  radiation  crossl inked.  For  this  test, 
wire  bundles  were  fabricated  from  each  of  these  wire  types  ana  mountea  so  as 
to  simulate  conditions  whicn  are  representati ve  or  standard  Naval  aircraft 
construction. 

The  rirst  set  of  harnesses  consisted  of  Doth  single  wires  of 
Ml L-H-bl  381 /l 1  and  shielded  cables,  designated  as  GC-87bMR.  These  harnesses 
were  constructed  at  nRL  from  wires  ana  cables  removed  from  an  F-14  tiiat  was 
manufactured  by  Grumman  in  November  198U.  Tins  aircraft  is  identified  as 
tne  bureau  dumber  loll  67,  Grumman  Fabrication  Number  384,  that  became  a 
Strike  aircraft  on  24  April  19ol.  The  wires  and  cables  were  taken  from  tne 
area  around  tne  cockpit  ana  the  lower  right  forewaru  fuselage  under  the 
cockpit.  They  all  appeared  to  be  in  very  good  condition  and  were  found  to 
be  dieiectrical ly  sound  when  testea  prior  to  the  projectile  impact  events. 

All  of  the  harnesses  used  in  the  experiments  were  constructed  so  as  to 
be  representative  of  F-14  harnesses,  consisting  of  approximately  bo  single 
wires  in  sizes  from  16  to  24  ana  10  cables  of  various  amounts  of  20  anu  2o 
size  wires.  When  lacea  tightly  the  harnesses  measured  approximately  3/4-inch 
in  aianieter. 

A  representative  wire  harness  of  approximately  3/w-incn  diameter  that  is 
typical  of  an  F-14  installation  was  descriDed  to  nkL  oy  tie  nFSO  personnel 
so  tiiat  the  harness  specimens  could  be  constructed  as  nearly  as  possiole  to 
the  representative  proportions  (2).  The  wires  arid  caDles  in  this 
representati ve  harness  ana  the  specimens  constructed  for  the  NRL  tests  are 
presented  in  Table  I. 

Figure  1  snows  a  harness  installed  in  the  target  area.  The  AuEL  harness 
clamps,  type  DG-lU,  hold  the  harness  firmly  in  place  against  the  aluminum 
plate  that  has  been  coateu  with  zinc  chromate  corrosion-iimibiting  paint, 
which  is  representative  of  an  aircraft's  interior  bulkhead  surface.  This 
Go-mil  thick  aluminum  plate  is  mounted  14  inches  oeiiinu  a  2o-mi  1  front  plate 
which  represents  tne  outer  skin  of  an  F-14  aircraft,  both  are  made  of 
aluminum  alloy  2u2w-Tol  sheets  tnat  were  obtained  from  tne  nm^F-nuRVA  repair 
snop.  It  is  the  same  material  tnat  is  useu  in  tiie  construction  ano  repair 
of  the  navy's  F-Ia's.  The  painteu  plate  is  mounted  on  tne  heavy  aluminum 


frame  that  has  a  cut-out  behind  the  impact  area  so  the  projectile  will 
penetrate  and  pass  or  through  to  a  trapping  pau  of  woven  Kevlar  (A). 

2.  The  Electrical  System 

Before  discussing  the  components  in  detail,  a  few  comments  are  in 
oroc-r.  electric  arc-inuuced  ignition  anc  continuing  combustion  of  wire 
insulation  are  related  to  a  number  of  funiamental s  or  electric  circuitry 
factors  winch  are  net  completely  simulated  in  this  laboratory-assembled  test 
system.  Tnertfore,  tne  following  factors  must  be  considered: 

a)  The  initial  voltage  across  a  guillotine  interruption  gap  of  an 
insulated  wire  is  a  function  of  the  generator  voltuge,  system  inductance, 
and  initial  load  current.  Tne  operating  condition  of  tin's  system  was 
conservative  in  that  the  power  conductors  were  not  carrying  load  currents. 
So,  therefore,  the  Lydt  of  the  interruption  across  the  gap,  and  to  ground, 
v/ as  negligible.  Thus,  the  tendency  to  ignite  ana  burn  is  less  severe  tnan 
would  be  expected  if  these  wires  were  carrying  their  respective  power  loads. 

b)  The  recovery  voltage  induced  from  the  generator  is  also  less  severe 
than  that  which  would  have  been  present  if  the  voltage  regulator  had  been 
maintaining  a  higher  internal  voltage  to  account  fur  generator  voltage  crop 
from  load  current.  These  test  conditions  tend  to  understate  tne  combustible 
character  of  tne  aromatic  polyirnide  insulation. 

c)  The  time  tor  which  the  arc-inuucing  voltage  is  impressed  on  tne 
insulation  is  representative  of  actual  service  conditions  since  these 
circuit  breakers  are  the  type  used  in  Navy  aircraft.  Therefore,  the 
subtransient  reactance-i noucea  voltage  in  tins  test  setup  is  similar  to  tnat 
of  an  on-board  test,  since  the  NC-8A  generator  is  routinely  used  to  simulate 
the  on-boaru  generators  in  ground-check  maintence  of  those  aircraTt. 

Further,  the  ou  KVa  power  rating  of  the  Nl-Oa  is  of  sufficient  capacity  to 
insure  fast  tripping  of  the  breaxers.  Tins  feature  minimizes  the  time 
during  which  voltage  must  maintain  the  arc  current  to  initiate  cor.iDustion . 

d)  Tne  floating  of  a  portion  of  the  wires  in  the  harness  simulates  a 
situation  in  wnich  some  conductors  are  not  connected  to  loans  at  tne  time  of 
trie  projectile  impact.  Tnis,  too,  is  conservative  in  compari son  to  service 
condi tions. 

The  cumulative  effect  of  the  above  considerations  is  to  produce  a  'less 
severe  stress  environment  for  the  present  tests  than  can  be  expected  in  the 
operational  wiring  harnesses  installed  in  aircraft  tnat  are  actually  in 
service. 

Figure  2  indicates  the  schematic  arrangements  of  the  electrical  system 
which  is  shown  in  Figure  1. 

Electric  power  to  tire  experimental  assembly  was  provided  by  a  Mobile 
Electric  Power  Plant,  NC-8A.  Tnis  diesel  engine  powered  generator  is  the 
type  used  to  provide  auxiliary  power  during  ground  maintenance  of  military 
aircraft,  rated  1 1 5/2U0-vol t,  u-phase,  4UUiiz,  ou  kVa,  U,7b  power  factor,  it 
is  shown  in  location  at  wRl  in  Figure  3,  with  tne  cable  leading  into  the 
building  where  the  firing  range  facility  is  located. 
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A  terminal  strip  was  fastened  tc  tne  free  ends  of  the  power  wires  of  tno 
in Rl  harness  specimens  for  ease  of  connection  tc  the  power  supply  panel. 

A  full  view  ot  tne  assembled  harness  or  Ml L-U’-ol ool /1 1  type  wires  ana  cables 
and  the  power  distribution  panel /terminal  strip  is  shown  in  Figure  1.  In 
tne  lower  trout  can  be  seen  the  wires  carrying  the  turee-pnese  ana  ground 
circuit  from  the  external  power  supply  disconnect  to  a  power  junction 
stri^j.  Clio  set  of  wires  from  tnis  junction  feed  into  tne  panel  containing 
twelve  ac  breakers.  This  is  an  essential  wo.  2  Circuit  ureaker  Panel  ot  an 
F-lt  aircraft.  Tne  breakers,  in  series  with  each  of  trie  11b  volt  wires  ot 
the  harness,  are  tne  military  aircraft  qualified  type,  nlixon  (k)  series 
727h  }  ( oj.  Tne  identification  numbers  tnat  were  stamped  on  the  wires  and 

cables  of  the  nRl  specimen  harnesses,  tne  wire  sites,  ana  the  ratings  of  the 
circuit  breakers  connected  to  the  powered  wires  are  listed  in  Table  11  for 
the  Ml L-w-ol 381/11  type  and  in  Table  111  for  the  Ml L-«-227oV/o4  type. 

just  beyono  tne  ac  breaker  panel  can  be  seen  tne  dc  converter  tnat  is 
powered  from  tne  3-pitase,  11b  volt,  4Gu  Hz  input.  It  is  a  luc-ampere,  2d 
volts  dc,  class  C  unit,  MS  o37u-l  manufactured  uy  wagtter  electric 
Corporation.  This  is  tne  unit  that  is  usea  in  F - 1 4  aircraft,  it  provides 
tne  2o-volt  dc  power  to  the  <Jc  circuit  breaker  panel  located  next  to  i  in 
the  view  shown  in  Figure  1.  The  Harness  wires  protectee  by  tne  fourteen 
breakers  in  tnis  panel  art  also  identified  in  Tables  :i  ano  II*. 

3,  The  Projectiles 

In  tnis  experiment  two  different  types  of  projectiles  were  fired  at  tne 
harness  specimens.  Tne  first  one  was  a  .ou-caliber  ball,  M-2  bullet, 
weighing  132  grains.  The  otner  was  a  steel,  .30-caliber  fragment  simulator, 
weighing  44  grains.  The  powoer  loadings  were  wei ght-adj usteu  to  propel  each 
at  approximately  loou  feet  per  second.  Tne  relative  size  and  shape  of  these 
projectiles  are  shown  in  Figure  4. 

4.  Tne  Fi  r i rig  nange 

An  overview  of  tile  test  firing  range  is  shown  in  Figure  b.  In  tne 
foreground  is  tr.e  rifle,  with  stock  removed,  mounted  rigidly  on  a  heavy 
metal  stand  so  it  is  in  line  with  cue  target  area.  Remote  firing  from  tne 
control  room  is  achieved  oy  a  solenoid  actuated  trigger  mechani srn.  The 
target  area  consists  of  two  metal  rrames  tnat  are  mounted  on  a  metal  table 
about  10-feet  down  range.  Tne  first  frame  wi tn  tne  aluminum  plate 
representing  the  aircraft  skin  is  seen  in  this  view,  and  a  closeup  of  the 
wiring  harness  mounted  on  the  second  plate  is  shown  in  Figure  6.  The  target 
area  from  a  side  view  was  seen  previously  in  Figure  1. 


IMPACT  RcSlILTb 

unce  the  harness  installation  was  completed  the  power  supply  was  turned 
on  ano  each  wire  connection  at  the  terminal  strip  was  checked  witn  a 
voltmeter  to  assure  that  tne  harness  was  powered.  Tne  video  camera  was 
trained  on  tne  target  area  and  turned  on.  Tne  gun  v.as  leaded  ana  cockeu, 
and  tne  room  was  vacated  and  secured. 


1.  Ml L-rt-bl Jol/1 1  harness  Tests 


d )  . 30-Cal iber  bul let 

The  first  s  iot  was  conducted  with  the  aU-calioer  ball,  fireu  at 
tne  MlL-W-bl abl/1 1  type  harness.  The  projectile  severed  wires  in  tne  lower 
part  of  tne  harness,  anu  deformed  the  remaining  wires  ot  tne  bunule.  The 
close-up  view  in  Figure  7  siiows  the  deflection  produced  d y  the  impact,  the 
carbon  deposited  on  the  painted  surface,  ano  the  hule  in  the  plate  wnero  the 
projectile  passed  through.  A  short  circuit  during  tne  penetration  caused 
arcing  that  tripped  one  ac  breaker. 

In  aircraft  operations  it  is  a  standard  procedure  to  reset  the 
tripped  circuit  breakers  in  hopes  that  power  can  oe  restored  to  the  afTectea 
electrical  components  -  especially  if  they  are  essential  to  the  controls. 
When  the  tripped  breaker  was  reset,  more  arcing  ano  burning  occured  which 
re-tripped  this  breaker  and  caused  four  more  to  trip.  These  were  reset  one 
at  a  time,  and  each  time  there  was  another  arc  which  tripped  it  again.  When 
tne  third  croaker  was  reset  the  arciiiy  became  more  violent,  with  flames 
engulfing  tne  bundle  and  more  breakers  tripping.  The  intensity  ot  the  fire 
con  oe  seen  from  the  views  of  the  burning  harness  shown  in  Figures  d.a  and 
8.b.  The  fire  ano  arcing  continued  to  travel  along  tne  harness  beyond  the 
target  area  as  shown  in  Figure  o.c.  ana  was  successively  tripping  additional 
breaker's.  It  appeared  that  the  flames  would  persist  anu  imminently  set  fire 
to  tire  power  supply  panel.  Before  this  could  happen  tne  main  power  switon 
was  opened  and  the  fire  slowed  down;  however',  it  continued  to  burn  in  tire 
harness  for  another  lo  seconds  before  it  died  out. 

figure  9  is  a  view  of  the  power  panel  and  target  area  after  power 
was  disconnected,  snowing  trie  breakers  that  tripped  during  the  arcing  and 
flamming.  In  all  there  were  9  ac  breakers  and  12  ac  breakers  that  tripped 
open  as  a  result  of  this  tire  propagation  along  tne  harness. 

o)  . aU-Caliber  fragment  simulator 

The  second  test  in  this  experiment  was  conducted  on  another 
harness  of  Ml L-W-81 Jbl/1 1  type  wire,  of  the  same  construction  as  the  first 
one  tested.  In  this  one  a  .30-caliber  fragment  simulator  projectile  was 
fired.  The  projectile  impacted  near  tee  midline  of  the  harness  anu  broke 
many  wires.  Arcing  ana  flames  Deyan  immediately  and  traveled  along  tne 
harness  for  about  Id  seconds  after  tne  impact.  Tnesequenct  of  arcing  ana 
flaming  around  the  damaged  section  is  clearly  visible  in  the  three 
successive  photos  of  Figures  10. a,  b  ana  c.  The  circuit  breakers  tnat 
tripped  are  shown  in  Figure  11,  wriich  is  a  view  or  tne  circuit  breaker 
panels  anu  the  damaged  wire  harness  in  tne  background.  There  were  3  ac 
breakers  and  5  ac  breakers  that  trippea  as  a  result  of  the  impact.  They 
were  not  reset  ana  the  test  was  enuea  so  that  the  damaged  harness  could  be 
more  closely  examined  in  the  laboratory. 

2.  (>il l-w-227o9/o*»  harness  Tests 

Tne  next  wire  harness  that  was  tested  was  the  one  made-up  w i tn 
Ml L-ii-227b9/j4  type  wires  and  cables.  As  was  previously  described,  it  was 
constructed  as  rieurlg  as  possible  to  have  tne  same  number  of  wires  ar.J 
cables  as  used  to  make  tne  Mle-i.-bl j61/1  1  harnesses.  The  procedures  for  the 
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bullet  ana  fragment  impact  tests  were  conducted  in  the  some  Manner  as  that 
previously  described. 

a )  . 3c-Cal i oer  bullet 

Tiie  projectile  hit  the  wi aline  or  tne  harness.  At  the  point  or 
inpact  shown  in  Figure  13  it  can  be  observed  that  at  least  one  wire  was 
severed,  Out  no  carbon  fon.iation  can  be  seen  arc  no  circuit  brea\er$  were 
tri pped . 


b)  . ob-Cdl iber  fragment  simulator 

Tne  same  harness  was  then  repositioned  to  place  an  undar,iayed 
section  closer  to  the  terminal  strips  into  tne  target  area  for  another 
impact  test.  This  time  the  .oO-caliber  fragment  simulator  projectile  was 
used.  Upon  impact,  this  projectile  produced  much  yreater  damage  to  the  wire 
harness  and  caused  a  briytit  arc  ana  a  short  circuit  winch  tripped  one 
circuit  breaker.  Tne  duration  of  the  arc  was  about  u.l  seconu  (three  fruiiies 
or  videotape).  Fiyure  13  stiows  tins  arc  immediately  T’ollowinj  the  impact. 
Mien  reset,  there  was  no  arc  and  tne  breaker  remained  closed. 

Fiyure  la  snows  the  harness  with  tne  damaged  wires.  Even  though  many  of 
tne  wires  in  the  Harness  were  badly  uai.idjOd  uy  the  impact  there  were  no 
fl aiiies  or  ensuing  fire  to  rurt/icr  carnage  tne  remaining  wires. 


COhCLUSloIvS 


As  observed,  ana  illustrated  by  tne  pliotos,  arcing  from  tne  short 
circuits  was  just  as  intense  for  each  type  of  wire,  but,  despite  tne 
presence  of  the  same  electrical  energy  the  wires  employiiiy  tne  aromatic 
pelyimide  insulation  ignited  and  burned;  whereas  tne  wires  employing  the 
modified  etnylene  tetrafluoroethylene  polymer  oio  not  burn. 

From  these  experiments  it  is  evident  that  it  is  tne  charac ter i sties  of 
trie  insulating  materials  on  the  wires  tested  that  determined  tne  reactions 
resulting  from  tne  initial  snort  circuits  produced  when  tne  wires  were 
crossed  by  the  shearing  forces  of  tne  impacting  projectiles. 

It  was  observed  that  tne  aromatic  polyimiae  forms  a  cliarry,  caruonacecus 
residue  wnen  exposed  to  the  heat  or  the  arcs  ana  flames.  This  char  appeared 
to  oe  electrically  conductive  so  that  as  the  flames  propagated  along  tne 
harnesses  more  snort  circuiting  occurred,  ana  tne  resulting  arcs  of  the 
additional  short  circuits  auued  more  neat  and  comoustiun  to  the  fire  as  it 
progressed  from  the  cone  of  impact.  Each  snort  circuit  tripped  another 
circuit  breaker,  so  that  conceivably  all  power  circuits  in  a  harness  coulc 
be  lost  from  one  impact. 

Tne  significant  difference  between  tiie  two  materials  compared  in  this 
experiment  seems  to  be  that  the  aromatic  polyimiae  caroonices  when  exposed 
to  tne  intense  neat  of  an  electrical  arc;  wnereas  tne  rnooifieo  etnylene 
tetrafl uoroetnyl ene  polymer  dees  not  wnen  expesea  to  tne  identical  short 
duration  arc  of  the  impact. 
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Although  the  precise  proximity  or  potentially  snorting  combinations  or 
wires  and  cables  was  uncertain  in  the  harnesses  as  constructed,  tue 
ballistic  impacts  produced  a  High  probability  or  short  circuiting.  The 
significant  tact  is  that  in  each  instance  where  shorting  occurred  the 
harnesses  made  with  arumatic  polyimiue  insulation  suffered  adaitioiiul  damage 
from  combustion  of  the  insulation;  whereas  no  subsequent  fire  ensued  in 
harnesses  made  witn  tiie  modi  tied  etnylene  tetrat  1  uoroethyl one  insulation. 

Additional  tests  are  desireable  to  aocument  tne  frequency  of  snorting  on 
impact  wnich  lias  now  been  demonstrated  tor  the  .17-caliber  spnere, 
.30-caliber  fragment  simulator  and  ,30-caliber  ball  projectiles. 

Kofi  dements  in  experimental  procedure  which  could  aco  to  the  circumstance 
resulting  from  imjact  are; 

a)  Monitoring  or  the  electrical  phase  at  the  instant  of  guillotining. 

o)  Measuring  tne  energy  of  tne  electrical  arcs. 

c)  Measuring  the  circuit  breaker  tripping  times. 

u)  Simulation  of  tne  effects  of  electrical  loads  on  L^ano  recovery 
volta.e  as  ai footed  tne  voltage  regulator, 

e)  Precision  arrangement  or  the  wires  and  cables  m  eacn  harness  in 
order  to  obtain  more  precise  correspondence  of  mecnanical  damage 
to  identical  electrical  circuits. 

f)  Orientation  of  tne  narnesses  to  maximize  the  flue  effect  on  the 
burning  wires. 

g)  ueterminiiij  the  minimum  impact  conditions  wnich  will  consistently 
produce  arcing  in  representative  harnesses. 


•Nevertheless,  since  the  present  harnesses  were  constructed  as  being 
representative  of  F-14  wiring  as  specified  by  F - 1 4  maintenance  engineers  and 
they  were  impacted  with  a  variety  or  representative  projectiles,  the  damage 
and  the  reactions  to  the  damage  are  considered  a  valid  combat  vulnerability 
assessment  of  the  wire  insulations  that  were  evaluated. 
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Schematic  of  the  electrical  system. 


rine  harness  mounted  for  the  projectile  impact  test. 
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b.  two  seconds  later,  flumes  and  arcing  arc  spreading 
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I  ig  8  (.Coin'd)  —  The  burning  harness  of  MIL-W-81381/11  wire  which  ignited  when  circuit  breakeis 
were  reset  after  it  was  initially  damaged  by  the  impact  of  a  ,30-caliber  bullet 


anel  with  tripped  circuit  breakers  and  the  burned  harness  of  V1IL- 
the  power  was  disconnected,  following  the  impact  of  a  .30-caliber 
resetting  procedure 
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i  i  |  .  81602-20 

b.  one  second  laler 

Fig.  10  (Cont’d)  —  Arcs  and  flames  initialed  by  the  impact  of  the  fragment 
simulator  on  the  harness  of  M1L-W-81381/1 1  type  wire. 


c.  three  seconds  istcr 


81602-23 


Fig.  10  (Cont’d)  —  Arcs  and  (lames  initiated  by  the  impact  of  the  fragment  simulator 
on  the  harness  of  MlL-W-81381/1 1  type  wite 
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Fig.  12  —  The  harness  of  MIL-W-22'59/3-i  type  wire  :hai  was 

with  a  .30-caliber  buller. 
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Fig  13  —  The  arc  produced  by  (he  impact  of  a  . 30-caliber  fragment  simulator 
on  a  liai ness  of  MI1.-W-22759/34  type  wire. 
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